It is impossible, in the time allotted today, to describe for you in any detail all of the occupational and environmental health hazards of plastics. At best, all we can hope to do is outline some of the more obvious ones in a general way. I have previously reviewed this topic in more detail (1) .
We might start by defining a plastic as "a material that contains as an essential ingredient an organic substance of large molecular weight, is solid in its finished state, and, at some stage in its manufacture or in its processing into finished articles, can be shaped by flow" (2) . In many cases, the terms plastic and resin are used in an overlapping sense. However, strictly speaking, a resin is the more or less homogeneous polymer used as the starting material in the production of a molded article, while plastic signifies the finished product which may contain fillers, plasticizers, stabilizers, pigments, etc.
In general, the principal hazards of plastics are associated with their monomers and with the plasticizers, stabilizers, "activators," fillers, and pigments that are used in them. Although there are exceptions to this, this statement generally holds true.
Of course, the hazard we are all most acutely aware of today is that of liver angiosarcoma Silicones are organosiloxane polymers which can be made in a variety of forms from liquids to solids, depending on the molecular weight. They have found a large variety of uses, even including breast enlargement, a practice recommended only with caution and careful medical supervision, if at all. They are very nontoxic materials and should present no occupational or environmental problems.
Polyethylene and polypropylene and ethylene-propylene copolymers are made from the indicated hydrocarbons ethylene and propylene. These hydrocarbons, particularly ethylene, are said to be simple asphyxiants and, therefore, to constitute no hazard to humans. However, several plants are known to exhibit an exquisite sensitivity to ethylene, suffering severe damage from exposure to very low concentrations. For this reason complete containment of ethylene is necessary to avoid plant damage. Additionally, in one process for making linear polyethylene, a "controlled explosion" constitutes the process. In this process, the ethylene is subject to very high pressure (5000 psi), from which it is suddenly released in the presence of a peroxide catalyst. Since these peroxide catalysts are themselves explosive, they have to be stored and handled in a special manner. In the plant that I visited, the reactor area is surrounded by 5-ft thick concrete shielding and direct access to the reactor area is not possible. The catalysts are stored behind an earthen bunker and handled by mechanical systems. It is evident that the hazards of this process have been carefully reviewed and a special design developed to contain them.
A variety of dermatitises and acute and chronic pulmonary problems have been associated with the use of two plastics, namely epoxides and polyurethanes, especially polyurethane foams. In the case of epoxy resins, these effects have been associated with the curing agents, namely ethylenediamine, diethylenetriamine and triethylenetetramine. These are highly alkaline compounds capable of causing extensive corrosive skin reactions. They also are known skin sensitizers, and hence may cause allergic skin reactions. Because the reaction is exothermal, fumes may be produced which in sensitized individuals can lead to bronchial asthma. Since the curing agents may be used in excess, in order to drive the polymerization to completion, subsequent grinding, sanding, or polishing of epoxy resins may produce dusts and fumes, with all of the abovedescribed reactions occurring. It is essential, therefore, that epoxy resins, either during the curing process or when undergoing subsequent finishing, be used with adequate ventilation, and/or adequate protective equipment such as gloves, masks, and protective goggles.
In the case of polyurethanes, toluene diisocyanate (TDI) or p,p-diphenylmethane diisocyanate (MDI) are used as catalysts and these can cause both acute and chronic pulmonary reactions. Bronchial asthma often develops in these workers. Peters (6) Acrylic resins are polymers of acrylic acid, methacrylic acid, esters of these acids, or acrylonitrile, of which Lucite is a good example, and are widely used, especially in the preparation of dentures. These monomers may be severe skin and eye irritants, and acrylonitrile has many of the toxic properties of the cyanide ion. They must be used with adequate precautions in industry.
As previously stated, most of the plastics we have discussed thus far are relatively physiologically inert. However, should they contain unreacted monomer, they could then exhibit the toxic properties of the monomer. Thus, formaldehyde-containing plastics could produce dermatitis if some unreacted formaldehyde is present. Skin and eye irritation could result from unreacted acrylic monomers, and we have already discussed skin and pulmonary reactions from unreacted amines or isocyanates. When subjected to thermal breakdown, as in fires, many of these polymers will produce a whole host of toxic breakdown products, such as HCl from PVC, aldehydes from many of them, and HCN from acrylonitrile-derived polymers. It is beyond the scope of this paper to discuss these thermal breakdown products in detail.
Since a great variety of fillers, pigments, stabilizers, inhibitors, etc. are used in finished products, a detailed discussion of these is also beyond the scope of this paper. Glass, wood dust, asbestos, and cadmium or chromium salts, may all be used in such applications. Obviously the occupational or environmental health hazard implications of such materials would be dependent upon the inherent toxicity of each.
One further potential hazard needs to be mentioned, if only in passing. Many of these plastics, when implanted in sheet or pellet form in the subcutaneous tissue of animals, will produce local sarcomas. If perforated sheets or powdered plastic is used, these sarcomas do not appear. This information should be carefully evaluated; perhaps, additional tests should be run if plastics are being considered for implantation at any site in the human body. The nature and extractibility of fillers, pigments, stabilizers, and inhibitors should also be given due consideration before a plastic is used in medical applications, such as tubings, syringes, containers, etc. The possible implications of phthalate plasticizers used in medical applications was the subject of a whole conference held at Pinehurst, North Carolina, about a year ago.
